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appIratus and method for electrophoresis 
cross reference to other applications 

This application is a continuation in part of U.S. Serial Number 
08/734,929 fzled October 22, 1996, wbich is a continuation in part of U.S. Serial 
number 08/639,869 filed April 26 5 1996 which is a continuation in part of U.S. Serial 
number 08/427,917 filed April 26, 1995. 

FIELD OF THE INVENTION 

The present invention relates to the field of electrophoresis and more 
particularly to apparatus for conducting electrophoresis tests therein. 

t 

BACKGROUND OF THE INVENTION 

A great deal of diagnostic procedures and laboratory research are 
carried out wherein DNA, RNA or proteins are mobilized and/or separated according 
to their physical and chemical properties via electrophoresis, This process is widely 
used and has many applications, For example, it is used to analyze DNA molecules 
according to their resultant size after being digested by restriction enzymes. It is also 
used to analyze the products of a polymerase chain reaction (PCR), 

Typically, electrophoresis separation is carried out in a separation 
matrix, such as a gel of agarose or acrylamide or a combination of the two. Usually, 
agarose gels are cast in open trays and form a slab whereas acrylamide gels are cast 
between two glass plates. 

In order to effect the electrophoretic process, two opposite ends of the 
gels are exposed to! a buffer solution, which is connected by electrodes, typically 
platinum, to an electrical power source. Once the electrical power source is switched 
on, the electric field forces negatively charged molecules to move towards the anode 
and positively charged molecules to move towards the cathode. The electrodes that 
are commonly used for electrophoresis are generally made of inert metals that induce 
water electrolysis in aqueous solutions, which produces hydroxyl ions at the cathode 
side and protons at the anode side. Therefore, large volumes of buffer are used in 
order to maintain the pH. In addition, due to the use of buffers of low salt 
concentration, large volumes of buffer are required to maintain the electric field. 
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DNA is negatively charged and therefore, in the agarose or acrylamdde 
gels which provide sieving action, DNA molecules move towards the anode at a rate 
which depends on their size, wherein the smaller the molecules the faster they move. 

In the electrophoretic separation of proteins, the proteins are often 
treated with an ionic detergent, such as sodium dodecylsulphate (SDS). The 
negatively charged dodecylsulphate anions interact with hydrophobic domains on the 
protein molecules, thus creating negatively charged protein/SOS complexes that 
undergo electrophoresis separation similar to DNA molecules. 

Typically, it is desirable to visualize and to document the results of the 
electrophoretic separation test. In electrophoretic separation of DNA molecules, this 
has been done by immersing the gel slab after the electrophoretic separation has been 
completed in a solution of a fluorescent compound which emits visible light when 
exposed to a ultra Violet (UV) light, A widely used compound is ethidium bromide. 

Conventional electrophoretic systems are deficient in many respects, a 
few of which are listed below. 

Priot 1 art electrophoresis systems are a potential source of 
contamination to thje working environment in which the tests are performed. The two 
major sources of contamination are ethidium bromide and PCR products, Ethidium 
bromide is a hazardous chemical due to its mutagenic activity. In addition, the 

environment is a potential source of contamination to the system, since PCR is an 

i 

extremely sensitive jmethod. In fact, a single molecule of DNA product from one 

i 

PCR (out of the trillions of molecules being produced) may interfere with the 
subsequent PCR such that it will produce incorrect results. 

Conventional electrophoresis is also deficient in other respects, one 
being that it is time consuming. 

Many) different gel separation materials have been disclosed, with 
different compositions, pH characteristics, voltage requirements, etc. The goal of most 
of the recent innovations in the field has been to provide an electrophoresis gel which 
can be used to perform a faster, more accurate, more stable^ or more versatile 
electrophoresis separation. 

U.S. Patent 4,874,491 to Stalberg discloses an electrophoresis system 
having a high concentration buffer containing gel. 

U.S. Patent 4,892,639 to Sarrine et al. discloses an electrophoresis 

2 



P-732-US4 

plate with improved buffer circulation. 

U^S. Patent 5,045,164 to Tansamrit et aL discloses an electrophoresis 
plate having thickened ends as buffer reservoirs, 

U.S. Patent 5,209,831 to MacConnel discloses a bufferless disposable 
cassette having open ends and conductive film electrodes. 

U.S. Patent Nos. 5,407,552 to Lebacq and 5,411,657 to Leka disclose 
open electrophoresis devices requiring a buffer tank for operation. 

US Patent Number 6,096,182 to Updyke et al. discloses an 
electrophoresis gel at a neutral pH. The advantage of producing such a gel is that the 
gel system is stable, with reduced reactivity and increased shelf life. 
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SUMMARY OF THE INVENTION 

There is provided, in accordance with an embodiment of the present invention, 
apparatus for conducting electrophoresis, the apparatus including a chamber defining 
an electrophoresis area, the area including a gel matrix, the chamber further including 
a sealed region, an anode within the chamber and in contact with the gel matrix, 
wherein the anodfe is contained within the sealed region of the chamber, and a cathode 
within the chamber and in contact with the gel matrix. The sealed region is sealed 
before and during the electrophoresis. 

In variou4 embodiments the anode comprises an electrochemical ionizable 
conducting material such as a metal. The metal may be copper, silver, lead, or an 
oxygen-absorbingi material such as aluminum, or carbon, or any other suitable 
material. Multiple anodes or cathodes may be included. In another embodiment the 
chamber further includes one or more apertures corresponding to one or more loading 
sites in the chamber, and the apertures are not included in the sealed region. The 
apertures may be spaced at predetermined intervals so as to conform with intervals 
between tips on a loader. In several described embodiments, the apertures may be 
arranged in one or more rows, and the rows may be arranged in stagger format 

There is provided, in accordance with another embodiment of the present 
invention apparatus for conducting electrophoresis, the apparatus including a chamber 
defining an electrophoresis area, the area including a gel matrix, the chamber further 
including a sealed region; and a cathode within the chamber and in contact with the 
gel matrix, wherein! the cathode is contained within the sealed region of the chamber; 
and an anode within the chamber and in contact with the gel matrix. In one 
embodiment, the region is sealed before and during the electrophoresis. 

In one embodiment, the apparatus further includes a matrix, wherein the 
matrix is in contact With the cathode, the matrix including at least one water sparingly 
soluble salt, the gel matrix including ions, the ions generated during an 
electrochemical reaction of the matrix in contact with the cathode. 

In several embodiments, the cathode is comprised of hydrogen-absorbing 
material, or may be palladium, carbon, a metal hydride or any other suitable material. 

There is provided, in accordance with another embodiment of the present 
invention apparatus for conducting electrophoresis, the apparatus including a chamber 
defining an electrophoresis area, the area including a gel matrix, the chamber further 
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including a first' and a second sealed regions, an anode within the chamber and in 
contact with the gel matrix, wherein the anode is contained within the first sealed 
region of the chamber; and a cathode within the chamber and in contact with the gel 
matrix, wherein the cathode is contained within the second sealed region of the 
5 chamber. 

There is provided, in accordance with another embodiment of the present 
invention an apparatus for conducting electrophoresis the apparatus including, a 
chamber defining an electrophoresis area, the electrophoresis area having at least one 
| s:; l body of a gel matrix for facilitating the electrophoresis, a first electrode and a second 

O 10 electrode, The first electrode and the second electrode are each in contact with the 
chamber, at least one of the first electrode and the second electrode is embedded 
within the body of the gel matrix, the first electrode is an anode and the second 
electrode is a cathiode, and the body of the gel matrix includes ions generated during 
y an electrochemical reaction of the anode. 

ll% 15 There is provided, in accordance with another embodiment of the present 

invention an apparatus for conducting electrophoresis- The apparatus includes a 

ru 

chamber defining an electrophoresis area, the electrophoresis area having at least one 

CI body of a gel matrix for facilitating the electrophoresis, a first electrode and a Second 
fli > 

electrode. The first electrode and the second electrode are in contact with the 

20 chamber, and at least one of the first electrode and the second electrode is embedded 
within the at least one body of the gel matrix. In this embodiment, the first electrode 
is an anode and the second electrode is a cathode, the body of the gel matrix includes 
electrolyte solution, the anode comprises an electrochemically ionizable metal, and 
the electrolyte solution is of a composition such that migration of ions generated by 

25 the anode during electrophoresis is inhibited. 

There is provided, in accordance with another embodiment of the present 
invention an apparatus for conducting electrophoresis. The apparatus includes a 
chamber defining an electrophoresis area, the chamber including a sealed region, and 
the electrophoresis 4rea having at least one body of a gel matrix for facilitating the 

30 electrophoresis. The apparatus further includes a first electrode and a second 
electrode, both in contact with the chamber, wherein at least one of the first and the 
second electrodes is embedded within the body of gel matrix. The first electrode is an 
anode and the second electrode is a cathode, the body of gel matrix includes 

5 



O 



! P-732-US4 

I 

) 

electrolyte solution, the anode is contained within the sealed region of the chamber 
and comprises an electrochemically ionizable metal, and the electrolyte solution is of 
a composition such that migration of ions generated by the anode during 
electrophoresis is inhibited. 

There is provided, in accordance "with another embodiment of the present 
invention a method for electrophoresis. The method includes the steps of applying an 
electrical field tq a gel and driving electrophoresis by releasing ions required for 
maintaining an electrical field by degradation of a metal anode. 

In one embodiment the step of driving an electrophoresis does not include 
water electrolysis. 

There is provided, in accordance with another embodiment of the present 
invention a method for electrophoresis. The method includes the steps of applying an 
electrical field to .the gel and driving electrophoresis by releasing ions required for 
maintaining an electrical field by degradation of a sparingly water-soluble salt, in 
contact with a cathode. 

There is provided, in accordance with another embodiment of the present 
invention method jbr electrophoresis. The method includes the steps of applying an 
electrical field to the gel and driving an electrophoresis by releasing ions required for 
maintaining an electrical field by degradation of a metal anode and degradation of a 
sparingly water-soluble salt in contact with a cathode. A further step includes 
inhibiting migration of ions in the vicinity of the anode. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

njie present invention will be understood and appreciated more fully 
from the following detailed description taken in conjunction with the appended drawings 
in which: 

Fig. 1 is a schematic illustration of an electrophoresis cassette, 

i 

constructed and operative in accordance with a preferred embodiment of the present 
invention; ' 

Fig. 2 is a schematic cross section illustration along line IV in Figure I; 

Fig. 3 is a schematic illustration of an electrophoresis cassette including a 
plurality of apertures arranged in rows and loading sites according to another 
embodiment of thd present invention; 

Fig! 4 is a schematic illustration of cross section illustration along line IV 
in Figure 3 in accordance with one embodiment of the present invention; 

Fig- 5 is a schematic illustration of an electrophoresis cassette including 
an ion source matrpc according to another embodiment of the present invention. 

Fig.j 6 is a schematic illustration of a cross section illustration along line 
IV in Figure 5 in accordance with another embodiment of the present invention; 

Fig.j7 is a schematic illustration of an electrophoresis cassette including 
an ion source matrik according to another embodiment of the present invention; 

Fig. .8 is a schematic illustration of a cross section illustration along line 
IV in Figure 7 in accordance with another embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PRESENT INVENTION 

The present invention discloses an apparatus for conducting electrophoresis 
including a chamber defining an electrophoresis area, wherein the chamber is sealed 
in at least one region. The electrophoresis apparatus of the present invention includes 
at least one cathode and/or at least one anode which, according to one embodiment, is 
located in a sealed region of the chamber. 

Reference is now made to Figs, 1 -8 which illustrate an electrophoresis disposable 
cassette, constructed and operative in accordance with preferred embodiments of the 
present invention. It is noted that like components are designated by like reference 
numerals throughout the various figures. 

Reference is now made to Fig, 1 9 which shows one embodiment of the present 
invention. Cassette 10 comprises a three dimensional area 1 1 having bottom wall and 
side walls, referenced 12 and 14 respectively, and a top wall 16. Cassette 10 is 
substantially sealed in that it is enclosed by walls 12, 14 and 16, with the exception of 
one or more apertures 38 corresponding to one or more loading sites, as will be 
described hereinbelow. 

Bottom wall 12 and top wall 16 are preferably made of any suitable UV 
transparent material, such as the TPX plastic commercially available from MITSUI of 
Japan or the Polymethylmethacrylate (PMMA) plastic commercially available from 
Repsol Polivar S.P.A. of Rome, Italy. Cassette 10 iurther includes an anode 24 and a 
cathode 26. 

As shown in Figs. 1-4, cassette 10 is divided into three regions: A, B and C. 
Region A includes anode 24, and spans the area of cassette 10 between the side wall 
14 closest to anode 24 and one end of Region C. Region B includes cathode 26, and 
spans the area of cassette 10 between the side wall 14 closest to anode 26 and the 
other end of Region C. Region C comprises the area of cassette 10 with loading sites 
36, or wells. Regions A and B comprise no wells, and thus have the potential for 
being completely sealed. Region C, on the other hand, does comprise wells. Since 
the wells are connected to apertures 38 within top wall 16, region C is not fully 
sealed. 

According to! one embodiment, as shown in Figs, 1 and 2, Region C spans a 
relatively small area;, including loading sites 36, which are in direct alignment with 
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apertures 38 onjtop wall 16. In a preferred embodiment, Region A comprises a 
relatively large irea, and region B comprises a relatively small area, since loading 
sites 36 are situated relatively closer to cathode 26. In another embodiment, Region A 
comprises a relatively small area and region B comprises a relatively large area since 
5 loading sites 36 ap situated relatively closer to anode 24. In accordance with another 
embodiment, shojwn in Figs, 3 and 4, Region C spans a relatively large area which 
includes loading jsites 36 arranged in predetermined intervals, which axe in direct 
alignment with apertures 38 on top wall 16. In this embodiment, Regions A and B are 
both relatively small since loading sites 36 span almost the entire gel. It will be 
io appreciated that Regions A or B or both of cassette 10 are totally sealed thereby 
reducing the possibility of contamination originating therefrom. 

As [further described in Figs. 5-8, in another embodiment the chamber 
I jl comprises at the cathode end an electrode made of a conducting material ,e,g. 3 metal (M) 
d and an ion source; matrix 22. Ion source matrix 22 comprises a salt suspended in a 
q is suitable matrix e.g.! gel matrix, providing ions for o^iving the electrophoresis. The salt is 
sparingly soluble in water and has the general formula Y^X* 1 )^ where n is the 
valency of the catioii Y and X"" 1 is an anion having a valency m, 
I In oke preferred embodiment, Y is the metal cation and the salt has the 

general formula MT m (X" OT )^ where n is the valency of the cation of metal M and X*** is 
20 an anion having a valency m. Alternatively, M and the cation of the salt are different. 

In a j preferred embodiment, the cation Y is selected to have suitable 
electrochemical properties such that when a suitable voltage difference is applied 
between the cathode : 26 and the anode 24, some of the Y** cations receive electrons from 
the cathode and become neutral species. 
25 Concomitantly, XT" 1 anions move away from the cathode serving as 

charge carriers for th^ current flowing through cassette 10. 

In another embodiment , the anode is made of a conductive material 
which includes metafl atoms, and is in contact with or embedded in the body of gel 
matrix 18. Atoms from the anode lose electrons and serve as charge carriers for the 
30 current flowing through the cassette, moving toward the cathode as A* 11 cations. 

An advantage of cassette 10 is that the electrolysis of water at the anode 
and the cathode ends jis substantially avoided, thus obviating the accumulation of gases 
in the vicinity of the cjathode and the anode and the need for vent holes or gas absorbing 
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means. Therefor^, the gel matrix 18 according to the present invention is substantially 
free from hydrogen and/or oxygen in the vicinity of the anode and/or the cathode. 
Another advantage resulting from obviating electrolysis of water at the anode and the 
cathode ends is that there is substantially no production or buildup of hydroxyl and 
hydrogen ions at the cathode and the anode, respectively. Thus, the pH remains 
generally constant during the electrophoretic separation. 

It will be appreciated that the anode metal electrode 24 in cassette 10 can 
be made of different metals having suitable electrochemical properties wherein during an 
electrophoresis run, the electrochemical reaction wherein metal atoms of the metal 
electrode lose electrons and enter solution as cations A 4 * occurs preferentially to 
electrolysis of water molecules. For example, in several embodiments, the metal 
electrode is made of lead, copper or silver, or any other metal having similar 
electrochemical properties. 

It will be further appreciated that in cases where the metal cations A* 11 
15 may interfere with' the molecules to be separated by binding to the molecules or by 
chemically interacting with them, the metal cations can be prevented from reaching the 
separated molecules by increasing the length of the body of gel matrix 18. This can be 
accomplished, for example, by increasing the length between the anode 24 and the 
loading sites 36, Iq this way, a sufficient degree of separation of the molecules can be 
20 achieved before a substantial amount of the metal cations A 411 reach the moving front of 
the separated molecules during the electrophoresis. 

It will be further appreciated, that in other cases where the metal cations 
A + » may interfere with the molecules to be separated by binding to the molecules or by 
chemically interacting with them, the metal cations can be prevented from reaching the 
25 separated molecules by including an electrolyte solution within gel matrix 18 such as but 
not limited to Bis-Tris-Tricine, Bis-Tris-Bicine, Tris-Glycine, Bis-Tris-Glycilglycine, 
Amino-methyl propanol-Proline, or TBE. As described above, anode 24 is made of an 
electrochemically ionizable metal such as but not limited to copper* or silver. As 
described in the example section hereinbelow, the results of using a specific composition 
30 for the electrolyte solutions in combination with iordzable metal, is that the migration of 
metal ions through the gel matrix 1 S is inhibited, and thereby restricted to the area of the 
anode. 

The following examples, which are not intended to Hmit the scope of the 
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present invention) illustrate how the ion source matrix 22 and the metal electrode 26 are 
prepared (Examples 1 and 2% and present the results of using a specific composition for 
the electrolyte solution in combination with ionizable metal for the anode 24 (Examples 
3-10), 

EXAMPLE 1 
Thfe ion source matrix 22 was prepared as follows: 

A. a suspending gel of 3% agarose in 0.4X TAB buffer solution was 
prepared. 

B. 0.6 grams of lead carbonate (PbCOs), prepared by bubbling COz into a 
solution of lead acetate following by filtration and wash by water of the precipitate, were 
suspended in 2 ml of the 3% agarose suspending gel of step A to obtain the ion source 
matrix 22. 

C. A strip of lead was used as the cathode 26. 

EXAMPLE 2 

A. a spending gel of 3% agarose in 0.4X TAE buffer solution was 
prepared, 

B. 03 grams of silver chloride (AgCl) were suspended in 2 ml of the 3% 
agarose suspending gel of step A to obtain the ion source matrix 22. 

C. A strip of aluminum was used as the cathode 26. 

EXAMPLES 3-10: 

Gel matrices contaming several combinations of electrolyte solution were tested for 
use with a DNA sample (lOObp+lkb ladder from Fermentas, Lithuaiiaa) containing a 
tracking dye, such as bromophenol blue. The gel was run at 90-1 20V (currents =4-9 
mAmps) until the btomophenol blue reached a distance of 5.7 cm from Hie wells. In 
these examples, an aluminum cathode was used in combination with a copper anode 
(Examples 3-8) or a silver anode (Exampes 9 and 10). In the following examples, the 
electrolyte solution concentration was 100 mM ? and the size of the cassette in length, 
width and thickness was 100 mm, 80 mm and 6.7 mm, respectively. Ions generated by 
the anode during electrophoresis procedure were intubated when using the conditions 
describe hereinbelow. This phenomenon is likely caused by the formation of a salt 
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complex. j 
Example 3 : 1 

For axi electrolyte solution at pHr=0, the following components were used: 

50 mM Bis-Tris; (bisp-hydroxyethyl^ 
mM Tricine (N-tri;sI>ydroxymethyl]me1toylglycine) ? 

Results; Migration of the copper ions toward the cathode in the gel was 
inhibited. » 

Example 4: 

For an electrolyte solution at pH — 7, ttxe following components were used; 

i 

50 mM Bi^Tris \ 50 mM Bicine (K 5 N-bis[2-hydroxyethyl]glycine) 

Results: Migration of the copper ions toward the cathode in the gel was 
inhibited. 

Example 5 ; ; 

For an electrolyte solution at pH = 9.0, the following components were used: 
50 mM Tris! 
50 mM Glycine 

Results: Migration of the copper ions toward the cathode in the gel was 
inhibited. 

Example 6 : \ 

For an electrolyte solSution at pH « 7 ? the following components were used; 

: 50 mM Bis-Tris 

: 50 mM Glycilglycine 
Results: Migration o£the copper ions toward the cathode in the gel was inhibited. 

Example 7 : 

For an electrolyte solution at pH = 9.5, the following components were used: 
50 mM Amino methyl propanol 
: 50 mM Proline 

The migration of the cppper ions toward the cathode in the gel was inhibited. 
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Example 8: 

For a buffer solution at pH7=8.3, 1XTBE (Tris-Borate EDTA (Sigma) -89 mM Tris ? 
89 mM Borate, 2r£M EDTA 

Results; Migration of the copper ions toward the cathode in the gel was inhibited. 
Example 9: , 

For an electrolyte solution at pH=7 ? the following components were used: 

i 

50 mM $is-Tris; (bis[2-hydroxyethyl]imi^ 

mM Tricine (N-tri^[hydroxymethyl]methylgIycine), 

j 

Results: Migration of the silver ions toward the cathode in the gel was inhibited. 
Example 10; . 

For a buffer solution at pH-8.3, 1XTBE (Tris-Borate EDTA (Sigma) -89 mM Tris 5 89 
mM Borate , 2mM [EDTA 

Results: Migration of the silver ions toward the cathode in the gel was inhibited, 

j 

When using the compositions describe hereinabove, the migration of copper 
and/or silver ions toward the cathode was inhibited. Movement was limited to a 
distance of about 5 mm from the edge of the copper/silver anode thereby not 
penetrating the running region of the gel during the running time. 

Alternatively according to another embodiment of the present invention, in 
order to avoid accumulation of gases during the electrophoresis process, thus allowing 
the chamber to be sealed, the electrodes comprise gas-absorbing materials. 

According to one embodiment of the present invention anode 24 comprises 
oxygen-absorbing Material, In preferred embodiments, anode 24 is made of 
aluminum or cai|bon. In another embodiment, cathode 26 comprises 
hydrogen-absorbing, material. In preferred embodiments, cathode 26 is made of 
palladium, carbon o{- a metal hydride. In one embodiment of the present invention a 
plurality of apertures corresponding to plurality of loading sites 36 which are 
contained within region C may be introduced into gel 18, by using a "comb" having a 

13 



P-732-US4 



row of protruding teeth positioned so that the teeth project into the gel layer while it 
sets. The plurality ' of apertures and the corresponding plurality of loading sites. When 

the gel has set, thcj comb is removed to leave a row($) of loading sites 36, in the layer 

i 

One row or several rows may be formed. Ixl region C the plurality of apertures 
corresponding to plurality of loading sites 36 are spaced at predetermined intervals so 
as to conform with spacing intervals among common tips of a loader for simultaneous 
loading of multiple samples for electrophoresis such as for example a multi-pipette. 

Additionally, the apparatus for conducting electrophoresis may include 
multiple anodes and cathodes for which the anode and the cathode are each composed 
of materials described hereinabove. It will be appreciated by persons skilled in the art 
that the present invention is not limited to what has been particularly shown and 
described hereinabove. Rather, the scope of the present invention is defined only by 
the claims that follow: 
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